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To the editor
Exercise training leads to modification in immunological
markers and white blood cell (WBC) counts. As a conse-
quence, elite athletes can be more susceptible to infections
(Gannon et al. 1997).
Horn et al. (2010) have recently reported, in a 10 years
retrospective study, that triathletes and cyclists present
lower WBC counts when compared with athletes of other
sports. In fact, 17% of the cyclists and 16% of the triath-
letes showed neutropenia (values \2.0 9 109/L), and 5%
of triathletes displayed also monocytopenia (values
\0.2 9 109/L). These data are consistent with previous
studies in endurance athletes (Lesesve et al. 2000; Parisotto
et al. 2003), but longitudinal studies describing variations
over several competitive seasons are still scarce in endur-
ance sports. This is especially important in triathlon
because it comprehends three different disciplines and the
effects of duration/intensity of the training in one of the
discipline on the other ones are poorly understood.
We obtained blood samples during four consecutive
competitive seasons in 17 elite triathletes from the Spanish
National Team (10 males, 7 females). The current age at
recruitment was 23.9 ± 4.8 years and 23.4 ± 4.4 years for
males and females, respectively. Following the preanalyt-
ical recommendations (Banfi and Dolci 2003), each tri-
athlete was drawn in four different periods [start of the
season, pre-competitive period, first half of the competitive
period (May–July) and at the end of competitive period
(September)]; and blood was analyzed using the ADVIA
120 automated system (Siemens Medical Solutions, Fern-
wald, Germany).
Table 1 shows WBC counts. Within gender analysis of
variance (two-way ANOVA) of the log-transformed data
did not show significant effect of period, season or sea-
son*period. One male and two female triathletes were
characterized by leukocyte count lower than 4 9 109/L,
but no athletes showed values lower than 3.5 9 109/L. At
some period of the study, neutropenia (\2 9 109/L)
appeared in 5 males and 3 females, while monocytopenia
(\0.2 9 109/L) was displayed in 4 males and 5 females.
Lymphopenia (\1.0 9 109/L) appeared only in one female
athlete.
Dolci et al. (2003) have previously reported an absence
of variations in total leukocyte count over two consecutive
seasons in professional football players. Our results con-
firm that WBC counts do not vary significantly in elite
athletes over four competitive seasons and over the dif-
ferent periods (from pre-competitive to competitive per-
iod). It is important to note that our results show a chronic
absence of variations of WBC counts opposite to acute
variations due to high intensity training or competition
(Lippi et al. 2010).
In summary, considering the results from this and pre-
vious studies (Dolci et al. 2003; Horn et al. 2010) we
Communicated by William Kraemer.
V. Dı´az (&)
Institute of Veterinary Physiology, University of Zurich,
Winterthurerstrasse 260, 8057 Zurich, Switzerland
e-mail: diaz@vetphys.uzh.ch
Z. Montalvo
Spanish Triathlon Federation, Madrid, Spain
Z. Montalvo
Section of Internal Medicine, Endocrinology and Nutrition,
Spanish Sports Council, Madrid, Spain
G. Banfi
IRCCS Galeazzi and School of Medicine,
University of Milan, Milan, Italy
123
Eur J Appl Physiol (2011) 111:893–894
DOI 10.1007/s00421-010-1701-6
suggest that fluctuations and lower neutrophil and mono-
cyte counts in endurance athletes are more likely due to
physiological adaptation rather than pathological or
impaired immunological response.
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Table 1 White blood cells counts over four consecutive competitive seasons in male and female triathletes
Males Females
1 2 3 4 Total 1 2 3 4 Total
Leukocytes (109/L)
Season 1 5.2 ± 1.5 5.8 ± 2.5 5.2 ± 1.3 5.5 ± 1.3 5.4 ± 1.7 6.6 ± 1.5 6.8 ± 1.2 6.1 ± 0.9 5.9 ± 0.2 6.4 ± 1.1
Season 2 5.9 ± 1.7 6.3 ± 1.5 5.3 ± 0.6 5.8 ± 1.2 5.8 ± 1.3 6.3 ± 1.2 6.9 ± 2.8 6.4 ± 1.5 7.1 ± 2.3 6.7 ± 2.0
Season 3 6.1 ± 1.4 5.9 ± 1.3 6.2 ± 1.2 6.5 ± 1.8 6.1 ± 1.3 5.6 ± 1.0 5.6 ± 1.2 6.1 ± 1.5 5.3 ± 1.2 5.7 ± 1.2
Season 4 6.7 ± 2.1 6.3 ± 2.7 5.6 ± 1.1 5.4 ± 1.0 6.1 ± 1.9 6.4 ± 1.1 6.8 ± 0.9 6.1 ± 0.6 6.2 ± 1.6 6.4 ± 1.0
Period F = 0.33, P = 0.80; season F = 0.18, P = 0.15 Period F = 0.29, P = 0.83; season: F = 0.19, P = 0.13
Season*period F = 0.45, P = 0.91 Season*period F = 0.37, P = 0.94
Neutrophils (109/L)
Season 1 2.4 ± 0.9 3.1 ± 2.2 2.5 ± 0.9 2.5 ± 0.8 2.6 ± 1.3 3.5 ± 1.3 3.7 ± 0.7 3.2 ± 0.5 2.8 ± 0.5 3.4 ± 0.9
Season 2 2.8 ± 1.2 3.2 ± 1.3 2.5 ± 0.6 2.8 ± 0.8 2.8 ± 1.0 3.2 ± 0.8 3.7 ± 2.1 3.3 ± 1.6 3.9 ± 2.2 3.5 ± 1.7
Season 3 3.0 ± 0.9 2.9 ± 0.8 3.1 ± 0.9 3.3 ± 1.3 3.0 ± 0.9 3.3 ± 1.1 2.7 ± 0.8 3.2 ± 1.0 2.6 ± 0.6 2.9 ± 0.9
Season 4 3.5 ± 1.5 3.3 ± 2.6 2.7 ± 0.7 2.7 ± 0.7 3.1 ± 1.6 3.1 ± 0.6 3.8 ± 0.9 3.0 ± 0.7 3.2 ± 1.0 3.2 ± 0.8
Period F = 0.35, P = 0.80; season F = 0.45, P = 0.90 Period F = 0.48, P = 0.70; season F = 0.73, P = 0.54
Season*period F = 0.45, P = 0.90 Season*period F = 0.67, P = 0.74
Lymphocytes (109/L)
Season 1 2.1 ± 0.5 2.0 ± 0.4 2.0 ± 0.2 2.3 ± 0.5 2.1 ± 0.4 2.4 ± 0.6 2.3 ± 0.7 2.2 ± 0.5 2.5 ± 0.4 2.3 ± 0.5
Season 2 2.4 ± 0.6 2.3 ± 0.3 2.2 ± 0.3 2.3 ± 0.4 2.3 ± 0.4 2.4 ± 0.7 2.5 ± 1.1 2.5 ± 0.8 2.4 ± 0.7 2.5 ± 0.8
Season 3 2.3 ± 0.4 2.2 ± 0.5 2.3 ± 0.3 2.3 ± 0.5 2.3 ± 0.4 1.7 ± 0.7 2.3 ± 0.7 2.3 ± 1.0 2.2 ± 0.9 2.1 ± 0.8
Season 4 2.2 ± 0.4 2.2 ± 0.6 2.2 ± 0.5 1.9 ± 0.2 2.1 ± 0.4 2.6 ± 0.9 2.3 ± 0.4 2.4 ± 0.6 2.4 ± 0.5 2.4 ± 0.6
Period F = 0.19, P = 0.90; season F = 0.42, P = 0.92 Period F = 0.39, P = 0.76; season F = 1.9, P = 0.14
Season*period F = 0.44, P = 0.91 Season*period F = 0.73, P = 0.68
Monocytes (109/L)
Season 1 0.33 ± 0.14 0.29 ± 0.13 0.29 ± 0.11 0.34 ± 0.15 0.31 ± 0.13 0.36 ± 0.06 0.36 ± 0.10 0.31 ± 0.06 0.29 ± 0.05 0.33 ± 0.07
Season 2 0.29 ± 0.10 0.34 ± 0.11 0.27 ± 0.07 0.28 ± 0.06 0.30 ± 0.09 0.32 ± 0.11 0.31 ± 0.12 0.29 ± 0.05 0.30 ± 0.11 0.30 ± 0.10
Season 3 0.33 ± 0.13 0.33 ± 0.10 0.35 ± 0.09 0.39 ± 0.15 0.35 ± 0.12 0.36 ± 0.17 0.26 ± 0.08 0.28 ± 0.06 0.26 ± 0.02 0.28 ± 0.10
Season 4 0.38 ± 0.15 0.32 ± 0.14 0.31 ± 0.08 0.34 ± 0.10 0.34 ± 0.12 0.32 ± 0.10 0.32 ± 0.08 0.31 ± 0.06 0.31 ± 0.08 0.32 ± 0.08
Period F = 0.28, P = 0.84; season F= 0.44, P = 0.91 Period F= 0.53, P = 0.66; season F = 2.3, P = 0.86
Season*period F = 0.44, P = 0.91 Season*period F= 0.21, P = 0.99
Values are shown as mean ± SD. 1 Start of the season, 2 pre-competitive period, 3 first half of the competitive period, 4 end of the competitive period
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